Naval  Research  Laboratory 

Washington,  DC  20375-5320 


NRL/MR/6793-95-7666 


X-Band  Magnicon  Amplifier  Research 
at  the  Naval  Research  Laboratory 


Steven  H.  Gold 
Arne  W.  Fliflet 

Beam  Physics  Branch 
Plasma  Physics  Division 


Bahman  Hafizi 

Icarus  Research 
Bethesda,  MD 


April  19,  1995 


19950414  127 


Approved  for  public  release;  distribution  unlimited. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis 
Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1.  AGENCY  USE  ONLY  ( Leave  Blank) 

2.  REPORT  DATE 

April  19,  1995 

3.  REPORT  TYPE  AND  DATES  COVERED 

Interim  Report 

4.  TITLE  AND  SUBTITLE 

X-Band  Magnicon  Amplifier  Research  at  the  Naval  Research  Laboratory 

5.  FUNDING  NUMBERS 

6.  AUTHOR(S) 

Steven  H.  Gold,  Bahman  Hafizi,*  and  Arne  W.  Fliflet 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Research  Laboratory 

Washington,  DC  20375-5320 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

NRL/MR/6793— 95-7666 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Department  of  Energy  Office  of  Naval  Research 

Washington,  DC  20545  Arlington,  VA  22217 

10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

♦Icarus  Research,  Bethesda,  MD  20814 

Submitted  to  the  Proceedings  of  the  1994  Workshop  on  Pulsed  RF  Sources  for  Linear  Colliders,  3-10  October  1994,  Montauk,  NY. 

12a.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  ( Maximum  200  words ) 

We  present  a  progress  report  on  a  program  to  develop  a  high-power  second  harmonic  magnicon  amplifier  at  11.4  GHz  for 
linear  accelerator  applications.  The  experiments  are  being  carried  out  on  the  NRL  Long-Pulse  Accelerator  Facility  using  a  plasma 
cathode  to  create  the  electron  beam.  Typical  beam  parameters  are  500  kV,  200  A,  5.5  mm  diameter,  with  a  -300  nsec  voltage 
flattop  and  a  ~10~2  Hz  repetition  rate.  An  initial  deflection  cavity  experiment  demonstrated  two-cavity  gain  of  -15  dB  at  a 
frequency  ship  of  -0.18%,  in  good  agreement  with  theory  and  simulation.  A  complete  five  cavity  magnicon  circuit  was  designed 
via  computer  simulation,  fabricated,  and  cold  tested.  This  circuit  is  now  undergoing  experimental  tests.  In  preliminary 
experiments,  a  low  power  saturation  effect  was  observed  in  the  deflection  cavities,  apparently  due  to  plasma  formation  caused  by 
the  diode  x-ray  flux  and  by  inadequate  vacuum  conditions.  Following  a  major  effort  to  improve  the  vacuum  and  surface 
conditions,  very  recent  experiments  have  shown  that  is  possible  to  “bum  through”  this  low  power  saturation  effect,  and  achieve 
high  fields  in  the  deflection  cavities.  However,  high  power  emission  from  the  output  cavity  has  not  yet  been  observed.  We  are 
also  evaluating  new  fourth  magnicon  designs  via  time-dependent  multimode  simulations. 

14.  SUBJECT  TERMS 

Magnicon  X-Band  Saturation 

Amplifier  Gain 

15.  NUMBER  OF  PAGES 

10 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

UNCLASSIFIED 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

UL 

NSN  7540-01-280-5500 


Standard  Form  296  (Rev.  2-89) 
Prescribed  by  ANSI  Std  239-18 
298-102 


X-Band  Magnicon  Amplifier  Research 
at  the  Naval  Research  Laboratory 


Steven  H.  Gold,*  Bahman  Hafizi,^  and  Arne  W.  Fliflet* 


*Beam  Physics  Branch,  Plasma  Physics  Division, 
Naval  Research  Laboratory,  Washington,  DC  20375 
f Icarus  Research,  Bethesda,  MD  20814 


INTRODUCTION 


Accesion  For 

NTIS 

CRA&I 

to 

DTIC 

TAB 

□ 

Unannounced 

□ 

Justification 

By 

Distribution  / 

Availability  Codes 

Dist 

Avail  and/or 

Spe 

ciaj 

BzL 

The  magnicon  (1-4)  is  a  scanning-beam  microwave  amplifier  that  is  under 
consideration  as  a  possible  alternative  to  klystrons  in  powering  fiiture  high-gradient 
linear  electron  accelerators.  Scanning  beam  amplifiers  modulate  the  insertion  point 
of  the  electron  beam  into  the  output  cavity  in  synchronism  with  the  phase  of  a  rotat¬ 
ing  rf  wave.  This  synchronism  creates  the  potential  for  an  extremely  efficient  inter¬ 
action  in  the  output  cavity,  since  every  electron  will  in  principle  experience  identical 
decelerating  rf  fields.  In  the  magnicon,  the  output  interaction  is  gyrotron-like,  and 
requires  a  beam  with  substantial  transverse  momentum  about  the  applied  axial  mag¬ 
netic  field.  The  transverse  momentum  is  produced  by  spinning  up  the  electron  beam 
in  a  sequence  of  TMjjo  deflection  cavities,  the  first  driven  by  an  external  rf  source. 
The  output  cavity  employs  an  rf  mode  that  rotates  at  the  same  frequency  as  the  de¬ 
flection  cavity  mode.  As  a  result,  the  beam  entering  the  output  cavity  is  fully  phase 
modulated  with  respect  to  the  output  cavity  mode.  The  optimum  magnetic  field  in 
the  deflection  cavities  is  approximately  twice  the  cyclotron  resonant  value  at  the  drive 
frequency.  On  the  other  hand,  the  output  cavity  operates  as  a  first  harmonic  cyclotron 
device.  These  two  constraints  lead  naturally  to  the  design  of  a  second-harmonic  am¬ 
plifier,  in  which  the  output  cavity  operates  at  twice  the  frequency  of  the  deflection 
cavities  and  employs  a  TM210  mode  (see  Fig.  1).  This  is  the  configuration  that  is  un¬ 
der  investigation  at  NRL,  as  well  as  at  the  Budker  Institute  of  Nuclear  Physics  (INP). 


TWO  CAVITY  GAIN  EXPERIMENTS 

Figure  2  shows  the  results  of  a  preliminary  two-deflection-cavity  gain  exper¬ 
iment  (5).  This  experiment  was  carried  out  using  the  NRL  Long-Pulse  Accelerator 
(LPA)  Facility,  and  employed  a  field  emission  from  a  velvet  cathode  to  produce  a 
-500  kV,  170  A  beam  at  a  magnetic  field  of  8  kG.  Both  the  measured  gain  and  the 

Manuscript  approved  March  16,  1995 


1 


Input  Coupler  Main  Magnet  Trim  Magnet 


Long-Pulse 

Accelerator 

Diode 


Current  Shunt 


Output 


IV  -  500  kV 
I  ~  170  A 
rb~  2.75  mm  | 
|BZ~  6.5  kG 


TM110  DEFLECTION 

CAVITIES  (5.7  GHz) 

/  ~  2  fr . 
c  J  drive 


tm2'0  output 

CAVITY  (11.4  GHz) 

f  =2/ 
c  •'out  •'drive 


FIGURE  1.  Schematic  diagram  of  the  NRL  magnicon  amplifier 
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FIGURE  2.  Results  of  the  two-deflection-cavity  gain  experiment. 


drive  cavity  response  as  a  function  of  frequency  agreed  well  with  theory  in  both  the 
preferred  circular  polarization,  in  which  the  electrons  co-rotate  with  the  rf  mode,  and 
in  the  opposite  rotation.  In  the  preferred  rotation,  a  gain  of  -15  dB  was  observed. 
However,  it  was  also  observed  that  the  measured  gain  saturated  at  second-cavity  sig¬ 
nals  equivalent  to  1  to  10  kW  of  intracavity  power.  This  very  low  field  saturation  ef¬ 
fect  was  unexpected  from  linear  magnicon  theory,  and  was  attributed  to  nonlinear 
loading  of  the  cavity  due  to  a  multipactor-like  process. 
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DESIGN  OF  AN  11.4  GHZ  MAGNICON  AMPLIFIER 

A  complete  1 1.4  GHz  frequency-doubling  magnicon  amplifier  circuit  as  illus¬ 
trated  in  Fig.  1  was  designed  via  computer  simulation  (6).  Figure  3  shows  the  results 
of  computer  simulations  of  the  operation  of  this  circuit  for  a  single  electron,  and  for 
two  finite  electron  beam  diameters.  These  three  simulations  were  all  designed  to 
have  a  pitch  angle  of  approximately  45°  at  the  end  of  the  penultimate  cavity,  i.e., 
a=vj_/v||  ~  1 ,  where  vj_  and  V|  are  the  electron  velocity  components  perpendicular  and 
parallel  to  the  applied  magnetic  field.  Both  the  single  particle  and  2-mm-diam. 
simulations  achieve  efficiencies  of  -56%.  (The  2  mm  beam  diameter  corresponds  to 
the  predicted  performance  of  the  INP  thermionic  magnicon  electron  gun  (7)  when 
matched  into  a  6.5  kG  magnetic  field.)  However,  the  5.5-mm-diam.  simulation,  cor¬ 
responding  to  the  present  diameter  of  the  NRL  beam,  achieves  an  efficiency  of  only 
-23%  due  to  the  substantial  energy  spread  and  phase-mixing  of  the  beam  entering  the 
output  cavity.  This  result  shows  the  necessity  of  using  very  small  diameter  electron 
beams  to  achieve  efficient  magnicon  operation. 
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FIGURE  3.  Steady-state  magnicon  simulations  for  a)  a  single  electron,  b)  a  2-mm-diam. 
beam,  and  c)  a  5.5-mm-diam.  beam.  The  top  traces  show  the  electron  energy,  the  middle 
traces  show  the  electron  pitch  angles,  and  the  bottom  traces  show  the  electron  trajectories. 
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INITIAL  TESTS  OF  THE  MAGNICON  CIRCUIT 


The  complete  five  cavity  circuit,  including  a  drive  cavity,  two  gain  cavities, 
and  a  penultimate  cavity,  all  operating  at  -5.7  GHz,  followed  by  an  output  cavity  de¬ 
signed  to  operate  at  -11.4  GHz,  was  fabricated,  cold  tested,  calibrated,  and  placed 
under  vacuum  on  the  LPA  Facility.  The  cavities  are  fabricated  from  stainless  steel, 
with  a  thin  flash  of  copper  to  decrease  the  ohmic  losses.  They  are  held  together  with 
bolts,  using  viton  O-rings  to  maintain  the  vacuum  seals  and  copper  gaskets  to  main¬ 
tain  the  rf  seals.  The  experiment  is  pumped  from  both  the  diode  and  output  ends  by 
cryopumps.  Each  of  the  cavities  has  a  calibrated  rf  pickup,  and  the  output  from  the 
last  cavity  can  also  be  monitored  at  the  end  of  the  experiment  using  an  X-band  mi¬ 
crowave  horn.  The  various  rf  signals  are  measured  using  calibrated  attenuators  and 
crystal  detectors.  The  first  cavity  is  driven  by  rf  from  a  tunable  C-band  magnetron. 

Initial  tests  were  carried  out  at  the  design  voltage  of  500  kV,  the  design  cur¬ 
rent  of  -170  A,  and  at  magnetic  fields  ranging  from  6.5-10  kG.  The  electron  beam 
was  again  produced  from  a  velvet  cathode  using  field  emission.  The  voltage  pulse 
consists  of  a  100  nsec  risetime,  a  -300  nsec  flattop,  and  a  500  nsec  falltime.  During 
the  voltage  falltime,  the  diode  impedance  collapses,  often  resulting  in  substantially 
larger  currents  than  during  the  voltage  flattop.  In  addition,  the  deflection  cavity  gain 
tends  to  increase  as  the  voltage  falls  (8).  As  a  result,  oscillation  often  occurs  during 
the  trailing  voltage  pulse.  However,  the  signal  at  the  voltage  flattop  seems  to  corre¬ 
spond  to  stable  amplification.  The  initial  tests  of  the  complete  magnicon  circuit 
demonstrated  high  gain  (-40  dB)  in  the  deflection  cavities  at  low  values  of  the  drive 
signal,  but  showed  a  nonlinear  saturation  effect  in  the  deflection  cavities  at  higher 
drive  signals,  as  previously  seen  in  the  two-deflection-cavity  experiment.  As  the 
drive  power  was  increased,  on  a  shot-to-shot  basis,  the  signal  in  each  of  the  deflec¬ 
tion  cavities  appeared  to  saturate  in  the  range  of  1-10  kW.  In  addition,  small  signals 
(<100  kW)  were  seen  from  the  output  cavity.  Experiments  then  demonstrated  that  the 
saturation  effect  was  related  to  the  x-ray  pulse  from  the  diode,  and  was  most  likely 
due  in  addition  to  inadequate  vacuum  and  surface  conditions  in  the  cavities.  Specifi¬ 
cally,  the  saturation  effect  appears  to  be  due  to  plasma  formation  in  the  cavities,  ini¬ 
tiated  by  the  x— ray  pulse,  and  sustained  by  the  microwaves.  This  plasma  constitutes  a 
nonlinear  load  on  the  cavities,  which  tends  to  clamp  the  microwave  signal  in  the  1-10 
kW  power  range,  without  completely  shorting  out  the  cavities.  As  a  result,  the  pre¬ 
dicted  -40  dB  gain  from  the  drive  cavity  to  the  penultimate  cavity  could  only  be  ob¬ 
served  experimentally  with  drive  signals  in  the  mW  range. 

A  major  effort  was  made  to  improve  the  vacuum  conditions.  One  of  the  diffi¬ 
culties  was  the  very  limited  vacuum  conductance  involved  in  pumping  the  deflection 
cavities  through  the  beam  pipe.  This  was  improved  by  adding  a  pair  of  parallel 
pumping  tubes  that  connect  the  first  three  deflection  cavities  to  the  main  diode  vac¬ 
uum.  In  addition,  the  cavities  were  disassembled,  thoroughly  cleaned  with  detergents 
and  solvents,  and  then  reassembled  and  put  through  a  low-temperature  (-120°  C) 
bakeout.  Following  this,  a  new  set  of  measurements  were  begun.  The  low  power 
saturation  effect  was  still  seen  under  the  usual  conditions  of  current  and  voltage. 
However,  at  higher  currents  and  voltages  (e.g.,  650  kV  and  300  A),  a  new  regime  of 
behavior  was  observed  in  the  deflection  cavities.  These  conditions  should  substan¬ 
tially  increase  the  gain.  What  was  observed  during  the  voltage  flattop  were  greatly 
increased  signal  levels  from  the  second  and  third  deflection  cavities  (with  a  nominal  1 
kW  signal  in  the  first  cavity),  with  the  third  cavity  signal  rising  rapidly  (-30  nsec)  to 
approximately  1  MW,  before  apparently  causing  an  rf  breakdown  of  the  third  cavity. 
The  penultimate  cavity  also  reached  high  power  (-100  kW)  in  a  short  pulse,  before 
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collapsing.  These  signals  correlate  with  the  presence  of  a  drive  signal  in  the  first 
cavity,  and  seem  to  correspond  to  stable  amplification. 


TIME-DEPENDENT  SIMULATIONS  OF  THE  OUTPUT  CAVITY 

The  magnicon  scanning-beam  interaction  creates  a  perfect  synchronism  be¬ 
tween  the  beam  position  and  the  rf  phase  in  the  output  cavity.  That  is,  except  for  the 
slow-time-scale  evolution  of  phase  and  amplitude  in  the  output  cavity  prior  to  the 
achievement  of  steady-state  conditions,  the  interaction  is  invariant  in  time.  However, 
the  beneficial  effects  of  this  perfect  phase  synchronism  of  the  beam  as  a  whole  with 
the  rf  phase  is  degraded  by  any  spreads  in  the  beam  parameters  about  the  mean.  Such 
spreads  are  produced  in  the  process  of  spinning  up  the  transverse  beam  momentum  in 
the  deflection  cavities,  as  was  seen  in  Fig.  3.  A  time-dependent  simulation  code  was 
used  to  study  the  effects  of  various  electron  beam  spreads  on  the  interaction  effi¬ 
ciency  of  the  magnicon  output  cavity  (9,10).  These  studies  employed  the  realistic 
fields  of  the  TM210  output  cavity,  including  the  effects  of  the  entrance  beam  tunnel 
and  the  output  iris.  The  baseline  of  these  studies  was  the  nominal  parameters  of  the 
NRL  magnicon  design.  Figure  4  shows  typical  results  for  the  effects  of  a,  y  and 
gyroangle  spread  on  the  output  efficiency. 


RMS  Spread  in  a  (%) 


RMS  Spread  in  Tf(%)  Full  Spread  in  Gyroangle  (radians) 


FIGURE  4.  Effects  of  electron  beam  spreads  on  interaction  efficiency. 


An  important  problem  in  many  gyrodevices  is  the  competition  between  the 
various  possible  operating  modes  of  the  output  cavity.  The  synchronous  coupling 
between  the  beam  and  the  rotating  rf  mode  in  the  magnicon  output  cavity  gives  the 
magnicon  interaction  an  important  advantage  compared  to  nonsynchronous  gyrotron 
modes  that  may  also  couple  to  the  transverse  momentum  of  the  electron  beam.  For  a 
perfect  beam,  mode  competition  is  not  likely  to  be  a  problem.  However,  as  the  elec¬ 
tron  beam  spreads  increase,  mode  competition  may  become  an  issue.  In  a  recent 
study  (11),  we  used  a  time-dependent  multimode  code  to  examine  the  effect  of  one 
important  spread,  scanning-angle  spread  (see  Fig.  5)  on  the  competition  between  the 
synchronous  TM210  magnicon  mode  and  a  nonsynchronous  TE121  gyrotron  mode  of 
the  output  cavity.  The  TE121  mode  appears  to  be  the  most  dangerous  competing 
mode  because  it  lies  close  in  frequency  to  the  magnicon  mode,  and  because  it  has 
substantial  near-axis  rf  fields.  Figure  5  shows  a  simulation  of  the  final  steady-state 
efficiency  of  the  magnicon  and  gyrotron  modes  as  a  function  of  scanning  angle 
spread.  It  is  seen  that  up  to  spreads  of  -90°,  the  magnicon  interaction  completely 
suppresses  the  gyrotron  mode,  while  for  greater  spread  angles,  multimode  states 
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FIGURE  5.  Definition  of  scanning  angle  spread  (left)  and  effect  of  scanning  angle  spread  on 
magnicon  efficiency  and  competition  with  TE-121  gyrotron  mode  (right). 


result.  Finally,  at  180°,  which  for  an  m= 2  mode  constitutes  a  complete  loss  of  the 
beneficial  effects  of  synchronism,  the  magnicon  mode  does  not  start,  and  what 
remains  is  a  low  efficiency  gyrotron  interaction. 


FOURTH  HARMONIC  MAGNICON  DESIGN 

Both  the  NRL  and  INP  magnicon  experiments  employ  frequency  doubling 
configurations,  with  the  output  cavity  operating  in  the  TM210  mode  at  the  second 
harmonic  of  the  drive  frequency  but  in  the  first  harmonic  of  the  cyclotron  frequency. 
This  configuration  has  several  significant  advantages,  since  it  leads  to  an  approxi¬ 
mately  constant  magnetic  field  throughout  the  magnicon  circuit,  and  since  it  permits 
the  deflection  cavities  to  operate  at  half  of  the  drive  frequency,  simplifying  the  task  of 
spinning  the  electron  beam  up  to  high  transverse  momentum.  It  has  been  generally 
recognized  that  a  synchronous  magnicon  interaction  is  possible  in  the  rrfi1  harmonic 
of  the  drive  frequency,  provided  that  a  mode  with  an  azimuthal  index  of  m  is  em¬ 
ployed.  However,  since  the  magnicon  beam  produced  by  the  deflection  cavities  is 
always  near  the  cavity  axis,  the  strength  of  the  coupling  generally  decreases  drasti¬ 
cally  for  m> 2,  since  the  cavity  modes  become  increasingly  hollow.  It  has  not  been 
previously  recognized  that  a  fourth  harmonic  interaction,  operating  in  the  TM410 
mode  at  the  second  harmonic  of  the  cyclotron  frequency,  may  also  be  feasible. 

We  are  presently  analyzing  a  fourth  harmonic  configuration  at  NRL  (see  Fig. 
6).  An  important  advantage  is  the  lower  frequency  deflection  system,  which  will 
lower  rf  fields,  improve  vacuum  pumping,  and  perhaps  relax  the  constraints  on  elec¬ 
tron  beam  diameter.  There  are  two  reasons  why  this  configuration  is  substantially 
more  feasible  than  a  first  cyclotron  harmonic  frequency  quadrupler.  First,  the  elec¬ 
tron  beam,  whose  instantaneous  guiding  center  is  typically  positioned  slightly  greater 
than  one  Larmor  radius  from  the  cavity  axis,  will  be  at  twice  the  radius,  since  the  re¬ 
quired  magnetic  field  is  half  as  big.  Second,  because  the  strength  of  the  coupling 
scales  as  J^-j-lkxr),  where  s  is  the  cyclotron  harmonic  number  and  kj_  is  the  transverse 
wave  number,  a  fourth  harmonic,  second  cyclotron  harmonic  interaction  will  scale 
with  radius  as  fy  rather  than  J3.  Figure  7  compares  the  coupling  for  a  second  har¬ 
monic,  first  cyclotron  harmonic  interaction  with  fourth  harmonic  interactions  operat¬ 
ing  in  either  the  first  or  second  cyclotron  harmonic.  This  figure  indicates  that  fourth 
harmonic,  second  cyclotron  harmonic  operation  will  require  an  approximate  doubling 
of  the  rf  electric  field  strength  compared  to  second  harmonic  operation.  However,  the 
required  fields,  in  the  range  of  approximately  500  kV/cm,  should  be  possible  in  a 
properly  conditioned  high  vacuum  output  cavity. 
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FIGURE  6.  Schematic  of  second  and  fourth  harmonic  magnicon  designs. 


FIGURE  7.  Comparison  of  coupling  for  second  and  fourth  harmonic  magnicon  designs. 


CONCLUSIONS 

The  NRL  magnicon  experiment  previously  demonstrated  the  basic  magnicon 
gain  mechanism  in  two-deflection-cavity  experiments.  However,  those  experiments 
were  forced  to  operate  at  very  modest  power  levels  to  avoid  an  unanticipated  gain 
saturation  effect,  that  occurred  as  intracavity  powers  approached  the  kilowatt  level. 
In  the  test  of  the  full  five  cavity  magnicon  circuit,  the  same  gain  saturation  effects 
were  observed  despite  substantial  improvements  in  the  overall  vacuum  system.  Ex¬ 
perimental  tests  demonstrated  that  the  saturation  was  due  to  plasma  formation,  caused 
by  inadequate  vacuum  and  surface  conditions,  and  initiated  by  photoelectrons  caused 
by  the  large  x-ray  flux  from  the  accelerator  diode  region.  A  program  of  progres¬ 
sively  improving  the  vacuum  conditions,  while  at  the  same  time  pushing  the  envelope 
of  magnicon  parameters  by  operating  at  higher  current,  voltage,  and  magnetic  field, 
has  demonstrated  that  this  low  power  saturation  effect  can  be  “burned  through”  in 
short  (-30  nsec)  high  power  pulses  in  the  deflection  cavities,  often  followed  by  rapid 
rf  breakdown.  However,  this  new  regime  of  operation  has  not  yet  demonstrated  high 
powers  from  the  output  cavity. 
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It  is  clear  that  the  problems  facing  the  present  experiment  are  generic  in  na¬ 
ture,  and  are  due  to  operation  under  vacuum  conditions  typical  of  pulsed  power  ex¬ 
periments  rather  than  those  typical  of  thermionic  vacuum  tubes.  While  high  power, 
short  pulse  TE-mode  gyrotrons  have  operated  successfully  under  these  conditions 
(12),  it  is  apparent  that  magnicon  cavities  have  more  stringent  requirements  with  re¬ 
spect  to  vacuum  and  surface  conditions.  The  required  field  gradients  in  the  present 
magnicon  design  are  no  greater  than  those  in  a  comparable  X-band  klystron,  and  50 
MW  X-band  klystrons  have  been  successfully  operated  with  pulse  lengths  up  to  1 
|isec.  However,  the  vacuum  culture  in  those  experiments,  including  high  temperature 
brazes,  all  metal  seals,  extensive  bakeout  at  very  high  temperatures  (-500°  C),  and 
conditioning  at  high  repetition  rate,  are  impossible  in  an  experiment  designed  to  op¬ 
erate  on  a  single-shot  pulser  using  a  plasma  cathode.  A  practical  magnicon  amplifier 
will  require  all  of  the  above.  While  it  is  still  not  clear  what  nature  will  permit  for  the 
single-shot  NRL  magnicon  experiment,  it  is  evident  that  this  program  must  transition 
to  a  thermionic  diode,  a  cw  magnet,  and  a  rep-rated  modulator  if  substantial  progress 
is  to  be  made  in  demonstrating  the  feasibility  of  high  power  magnicon  amplifiers  at 
11.4  GHz. 
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